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INTRODUCTION 
 
Scientists all across the globe are still concerned about the 
presence of dangerous materials in soil and water. Contamination 
of water and soil has been caused by a variety of human activities, 
such as garbage disposal, agriculture, and human industry [1]. 
Furthermore, animate chemicals and dense metals have 
contaminated the environment, putting both wildlife and humans 
in danger for serious health concerns [2]. Despite the fact that 
typical soil treatment procedures are excessively expensive, the 
participation of a soil depot in the chosen field does not result in 
an immediate cure, but rather only postpone the problem until a 
later time period. As a result, the analysis and development of 
novel solutions to the problem of hazardous contaminants are 
required [1].  
 

Increased usage of synthetic chemical compounds, whether 
excessively or inappropriately, has resulted in major 
environmental issues as well as an increase in a range of negative 
health impacts (toxicity and carcinogenicity). In addition to 
having a significant impact on the environmental matrix (air, 
water, soil, and biota), the emission of solid, liquid, and gaseous 
waste, which includes contaminants such as heavy metals or 
petroleum or organic solvents, has had a massive effect on the 
biodiversity [3]. Therefore, soil contamination can be produced 

by pollutants that have been injected directly into the soil or by 
contaminants that have been transported from other matrices into 
the soil [4]. It is a big public health concern that environmental 
pollution exists. A multitude of mechanisms of exposure to 
environmental pollutants is possible for humans, including 
particulate matter intake, direct contact with the contaminant, 
ingestion, and ingestion through the food chain [5]. Through the 
reclamation and reuse of polluted sites, it is feasible to protect 
both human health and the environment in an environmentally 
friendly manner.  

 
Furthermore, environmentally friendly remediation 

operations reduce the quantity of trash produced by 
physicochemical procedures such as soil incineration or 
excavation, as well as the amount of rubbish transferred to a 
landfill, by a significant margin. A number of disadvantages of 
these treatments are also present, including the high costs 
associated with cleanup and the possibility of environmental 
deterioration as a result of the release of substances used in 
restorative processes. Following that, emphasis is placed on the 
utilisation of biological processes for soil healing that are benign 
to the environment [6]. To better reflect the types of heavy metals 
and plants often reported for phytoremediation, the Scopus 
keyword search string heavy AND metals OR mercury OR zinc 
OR cadmium OR arsenic OR phytoextraction OR 
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 ABSTRACT 
Heavy metals represent a major threat to public health and the environment if they are 
intentionally or unintentionally introduced into the soil. They are elements that cannot be 
degraded and can be teratogenic, mutagenic, and endocrine-disrupting. Carcinogens and toxins 
in humans can be caused by heavy metals, which are difficult to regulate. Phytoremediation has 
been recommended as an alternative to classic physicochemical remediation methods since it is 
more efficient for combating heavy metals pollution in soil or water bodies and ecologically 
friendly. Biomass produced as a result of phytoremediation can be utilised for cogeneration of 
energy and/or the creation of biofuels, all of which contribute to health, the environment, and 
cost-effectiveness. In order to improve the usage of phytoremediation in the coming years, a 
deeper understanding of the technique's potential is necessary. Additionally, this study provides 
information on the use of herbaceous and woody plants for phytoremediation in soils affected by 
heavy metals. 
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phytoremediation OR phytostabilization OR phytovolatilization 
OR rhizofiltration was input into the database yielding 1882 
journal articles. The VOSViewer software is used to create the 
keyword co-occurrence of the documents, which is displayed in 
Fig. 1. The study's goal is to conduct a complete bibliometric 
assessment of the research landscape Five clusters were 
discovered and it appears that cadmium is the most often heavy 
metal studied in phytoremediation followed by lead copper, 
chromium and zinc. Accumulation of heavy metals in the root is 
the most reported followed by stem and leaves (Fig. 1). 
 
 

 
 
 
Fig. 1. Bibliometric map generated by VOSViewer based on Scopus 
Collection. The Keywords were heavy AND metals OR mercury OR zinc 
OR cadmium OR arsenic OR phytoextraction OR phytoremediation OR 
phytostabilization OR phytovolatilization OR rhizofiltration. The size of 
each circle correlates with the occurrences in 1882 articles of Scopus 
indexed from 1995 to 2022. The most frequent keyword is root with 771 
occurrences followed by cadmium (76), copper (65), and zinc (56).  
 

When it comes to bioremediation, it is defined as the process 
by which pollutants are biologically removed or transformed 
under regulated circumstances, resulting in a state that is benign 
or levels that are below the concentration limits established by 
regulatory authorities [7]. Phytoremediation is a technology that 
can be applied to a variety of reclamation treatments because it 
does not interact with the environment, requires minimal labour, 
and is, therefore, less expensive than traditional physicochemical 
approaches when compared to those procedures. When compared 
to those procedures, phytoremediation is less expensive than 
traditional physicochemical approaches [6]. Some of the most 
common sources of soil contamination are heavy metals, sewage, 
and industrial waste, as well as significant volumes of fertilisers 
and pesticides sprayed to agricultural fields. In terms of soil 
contamination, heavy metals are the primary culprit [8,9].  

 
Plants have the ability to absorb and/or decompose 

inorganic and organic toxins, which needs a better understanding 
of environmentally friendly strategies for the rehabilitation of 
polluted soils and water [10]. As a result of the compelling need 
to develop new technology for recycling irrigated and 
groundwater, the technical and financial advantages of using both 
plants and associated bacteria for this goal have been identified 
[11]. When heavy and harmful metals are discovered in soil, 
plants can be utilised to sterilise the soil in an environmentally 
friendly manner. Recently, a dependable strategy for coping with 
a wide range of soil conditions was discovered and implemented. 
It is possible to employ natural mutations in plants and soil 
microbes to reduce the damaging or clustering effects of 

contaminants in the environment [10]. It has been shown that 
some plants, known as hyperaccumulators, are particularly 
resistant to the effects of heavy metal contamination. The ability 
to accumulate and transfer soil contaminants is what they are best 
at, as the name implies [12]. In the event that you're seeking 
something that's simple to modify, affordable, and capable of 
protecting the environment, naturally mutated greenery is a 
fantastic alternative. These organisms were not only useful to the 
environment, but they were also beneficial to human beings [13]. 
Because of the ecological, practical, and cost-effective features 
of plant-based phytoremediation, which is a new and emerging 
treatment method for environmental contamination, it is expected 
to be a long-term solution in the near future. However, challenges 
such as anthropogenic contamination have hampered the 
usefulness of this environmentally friendly technique. Therefore, 
it is vital to conduct an objective evaluation of the strategy's 
potential limitations. This research will shed light on the topic of 
phytoremediation and make recommendations for its future 
application. 
 
Contamination of soil by heavy metals 
The phrases "contamination" and "pollution" are frequently used 
improperly interchangeably in several literature reviews, which 
is not uncommon. Pollution, on the other hand, can be separated 
from contamination, which simply refers to the existence of 
substances that are potentially harmful at a specific intensity or 
quantity. Pollution is described as contamination that has a 
negative biological influence on human populations [14]. 
Decontamination of heavy metal-contaminated soil is a complex, 
expensive, and time-consuming technique that takes a long time 
[14]. The lithosphere is composed of heavy metals such as 
chromium (Cr), thallium (Ti), lead (Pb), cadmium (Cd),arsenic 
(As),  and mercury (Hg). These metals cannot be destroyed or 
eliminated from the environment, but when present in significant 
quantities, they can poison plants.  
 

Because the phrase "bioremediation" is usually used when 
the amount of contaminants is in the middle of the range between 
low and moderate, the term "contamination" is acceptable for 
topics connected to bioremediation [3,9]. Heavy metals are 
classified into two types: vital metals and non-essential metals. 
Essential, basic, or microelements are metals that are required for 
chemical processes in living organisms. Manganese (Mg), copper 
(Cu), cobalt (Co), and zinc (Zn) are examples of essential, basic, 
or microelements (Zn). Non-essential metals may have unknown 
activities in animal physiology; for example, lead (Pb), mercury 
(Hg), cadmium (Cd), and arsenic (As) are all metals with unclear 
functions [2,2,14]. Nonetheless, a surprising number of non-
essential elements have been discovered to have exciting or 
motivating effects in plants, especially when administered at low 
concentrations; one notable example is Cd, which has been found 
to have stimulation effects in barley seedlings [15]. 
 
Biological remediation contaminated site 
Using plants, microbial enzymes, microorganisms, or enzymes 
generated by plants, hazardous compounds can be degraded or 
removed from the environment through the process of 
bioremediation. As a developing technology, it has the potential 
to aid in the treatment of environmental waste when used in 
conjunction with other approaches, whether chemical or 
physical, in the treatment of environmental waste [5,14]. In order 
to do this, actinomycetes, bacteria, fungal spores, and 
earthworms are all utilised as a part of an integrated strategy. 
Phytoremediation, a subset of bioremediation, is a technique in 
which plants and herbs are utilised to eliminate toxins from soil 
and water [16]. It is the most accurate method of eliminating toxic 
substances from groundwater, surface water, sediment, damaged 
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soil, and the environment that plant-mediated bioremediation 
may be utilised. By using higher-living species in the ecosystem, 
toxin-containing chemicals are removed from groundwater and 
surface water, as well as sediment, polluted soil, and the 
atmosphere [17,18]. 
 

Soil acts as a final acceptor for substances distributed into 
the natural environment as a result of various human activities 
such as agriculture. Both inorganic and organic contaminants 
have the potential to accumulate in soil [10,13,19], providing 
serious concerns to the population and environmental health. As 
a result of bioaccumulation and biomagnification processes, 
these chemicals have the potential to disrupt the chemical, 
physical, and biological balance of the soil and enter the food 
chain, where they have the potential to make their way into the 
human food supply. The environment is said to be contaminated 
when the concentration of toxins in water, air, or soil exceeds a 
legally specified standard value [20]. According to [20], 
environmental remediation is critical for improving people's 
health and preserving the ecosystem for future generations. A 
wide spectrum of pollutants may be found in soil, air, and water, 
and they can be naturally occurring or anthropogenically 
manufactured. Both natural pollution releases and poorly 
managed human activities are to blame for biological and 
chemical pollution created by inorganic and organic substances 
[21,22]. This pollution offers a significant hazard to soil reuse. 
 
Many different inorganic substances have been detected in 
polluted soils that have the potential to alter their natural 
equilibrium, with heavy metals being the most common. There is 
no widely agreed definition of heavy metals in aspects of their 
physicochemical characteristics; nevertheless, they are described 
as such if they exhibit characteristics such as ductility, 
conductivity, ligand specificity, and an atomic number greater 
than 20; otherwise, they are described as non-elements [2]. 
Metals are naturally occurring earth constituents, but their 
predominance has expanded dramatically since the beginning of 
the Industrial Revolution when the first steam engine was 
created. Despite the fact that heavy metals occur naturally 
throughout the earth's crust, several heavy metals, including 
Cadmium (Cd), Copper (Cu), Chromium (Cr), Lead (Pb), 
Mercury (Hg), Zinc (Zn), Nickel (Ni), and the metalloid arsenic 
(As), are widely used in industry and agriculture and are thus 
released into the environment. In the tanning industry, for 
example, effluent from tanneries conveys a number of foul-
smelling chemical compounds such as hydrogen sulphide, 
ammonia, and chromium [5].  
 

Various sources, such as the petrochemical industry and 
automobile traffic, contribute to the release of metals into the 
environment [23]. Toxins must be bioavailable and ready to be 
absorbed by the roots for phytoremediation treatments to be 
effective. Metal bioavailability is determined by their solubility 
in soil. Heavy metals in soil, such as cadmium, zinc, lead, nickel, 
and copper, have been demonstrated to be detrimental to humans 
and animals [6,24]. Cadmium can be found in soil due to a variety 
of natural and man-made causes, including mining. Natural 
occurring element lead is present in the lithosphere and has a 
wide range of industrial, agricultural, and domestic applications. 
Lead is used in the production of lead-based paint. People, 
animals, and the environment are all at risk from lead poisoning. 
When compared to other pollutants, it has a longer duration of 
existence in the soil due to its poor solubility. It has an adverse 
effect on human health as a result of this. As a result, it is no 
longer suitable for use in the production of gasoline [25–27].  

Despite the fact that zinc is a naturally occurring metal in 
soil, human inputs such as fertilisers lead to greater soil 

concentrations of the element. Zn is mobilised in soil in response 
to changes in soil factors such as pH, cations exchange, and the 
presence of other chemical components [28]. Natural copper may 
be found in abundance in a variety of environments, including 
soil, water, rocks, and minerals. The widespread usage of this 
metal in human activities indicates that it holds a great deal of 
potential in the future. Copper ion (Cu) forms bonds with both 
inorganic and organic molecules in soil and sediment, and the 
rate at which this reaction occurs is controlled by the pH, redox 
potential, and anions present in the environment [29]. Nickel is a 
naturally occurring metal that may be found in minute quantities 
in both sand and seawater. Due to its widespread usage in a wide 
range of industrial and technological applications, nickel has 
accumulated in the environment at an increasing rate.  

 
The capacity of the soil to retain nickel is impacted by the 

texture of the soil, the amount of organic matter present, the 
existence of mineral crystals, the pH of the soil, its water content, 
and the presence of hydroxides [28,30]. Most vanadium released 
into the environment is due to human activities, which account 
for the vast majority. Arsenic is a metalloid that may be found in 
abundance in the Earth's crust, seas, lakes, and rivers. It is also 
found in small amounts in the atmosphere [31,32]. The release of 
arsenic into the environment occurs as a result of both natural and 
human-caused activities [33,34]. Because of the many ionic 
forms of As (the most harmful), their toxicity, bioavailability, 
and transport are all affected differently. Chromium may be 
found in large quantities in the Earth's crust, lakes, rivers, and 
oceans. Despite the fact that chromium exists in three oxidation 
states, the trivalent and hexavalent forms are the most stable and 
commercially significant [35]. As a result of industrial pollution, 
chromium levels in soil and water have risen significantly in 
recent years [35,36]. 
 

Mercury is liquid at room temperature and is classed as an 
element, inorganic, and organic contaminant due to its 
occurrence in soil as an organic and inorganic compound [37,38]. 
It can be released into the environment in a variety of ways, 
including volcanic exhalations and thermal springs, to mention a 
few. The presence of this metal has increased because of 
anthropogenic actions such as copper and zinc extraction, the 
burning of fossil fuels and waste, the use of fertilisers in 
cultivation, and the use of agricultural pesticides [21,36]. 
Through biomagnification, toxic methylated mercury 
compounds can enter the food chain and be ingested by people 
[39]. 
 
Bioremediation 
 
Biological remediation is defined as "the use of living creatures 
to clean up oil spills or to remove other pollutants from soil, 
water, or wastewater; the use of organisms such as non-harmful 
insects to eliminate agricultural pests or to counteract illnesses of 
trees, plants, and garden soil" (US EPA, United States 
Environmental Protection Agency). Specifically, 
bioremediation, according to [40], is "the process by which 
organic wastes are biologically destroyed under controlled 
conditions to a benign state, or to levels below concentration 
limits defined by regulatory agencies." Other than enzymatic 
degradation of organic pollutants by microorganisms such as 
bacteria and fungi, several terrestrial and aquatic plants are 
efficient in eliminating contaminants from aquatic bodies and 
soils by absorbing them through the roots and storing them as 
nutrients in the foliage. As a result, whether the microorganisms 
used in the restoration process are indigenous or imported, the 
process will be more successful.  
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Phytoremediation 
 
According to [41], "phytoremediation" was first used to refer to 
a strategy that relies on plants to either remove toxins from soil 
and water or render them harmless [42,43]. This phrase was first 
used in 1991 after decades of research. In the current climate, 
phytoremediation is garnering the attention of worldwide 
stakeholders, not only because of its potential application in soil 
remediation but also because of its ability to enhance the 
management of connected wastes and contaminants. Because 
contamination of the environment causes major dangers to 
human health and has an influence on the environment, 
phytoremediation is currently gaining attention from a wide 
range of stakeholders throughout the world. Although a multitude 
of physical and chemical procedures can be used to repair the 
various matrices, each method comes with its own set of 
limitations and requirements. Expensive, time-consuming 
methods that have been in use for millennia have the potential to 
upset the natural microbiota by modifying the soil's physical 
properties. When it comes to long-term costs, phytoremediation 
is being regarded as a new alternative [44]. 
 

In phytoremediation, green plants can remove, uptake, or 
render harmless heavy metals, organic chemicals, and radioactive 
substances in soil or water because of their transport capacity and 
ability to accumulate toxins. Plants like Thlaspi caerulescens, 
Salix spp., or a combination of the two are commonly employed 
in phytoremediation, as are herbs like Thlaspi caerulescens [45]. 
Aside from that, phytoremediation helps to avoid the excavation 
of polluted regions, reduces the risk of toxins dispersal, and is 
suitable for the decontamination of sites contaminated by a 
variety of pollutants [34]. The nature of the pollutant, its 
bioavailability, soil conditions, and the plant species utilised all 
have an impact on the mechanisms and efficiency of 
phytoremediation. When it comes to phytoremediation 
procedures, plants designated as "hyperaccumulators" are 
regarded to be more effective than other plants. Despite the fact 
that these plants have the potential to withstand and absorb metals 
or organic chemicals prevalent in soil, such as PAHs, they have 
a poor rate of biomass production compared to other plants [46].  

 
The amount of biomass produced by the plant has an impact 

on the efficiency with which pollutants are extracted: a large 
amount of biomass is capable of absorbing a large number of 
metals or organic compounds, including PAHs, but it will take 
many harvests to completely remove the plants from the 
environment. Consequently, the overall cost of the entire 
operation, including waste biomass disposal, incineration, and 
composting, will be determined by the number of harvests that 
take place over time [42,46,47]. Although there are some 
drawbacks to phytoremediation (for example, the slowness of the 
process and the fact that the affected area of the land is adjacent 
to the root, as well as the fact that several species cannot be 
planted in heavily polluted areas), it is applicable to a wide range 
of remediation treatments. Its benefits stem from the fact that it 
does not harm the environment and, as a result of the plant cover, 
adds aesthetic value to the treated land. It also requires little 
labour, making it a cost-effective solution.  

 
It is practicable to utilise in situ and is well received by the 

local populace. Biomass collected can be used in renewable 
energy fields such as biofuel production [48], waste reduction 
[45], and waste reduction [36,45,49]. 
 
Phytoextraction 
On-site remediation of polluted soils via phytoextraction is 
becoming more common [39,50]. The roots take in the 

chemicals, which are then transferred to the shoots and leaves, 
where they are concentrated [51]. This approach relies on plants 
that can both accumulate pollutants and produce a considerable 
amount of biomass. Thlaspi caerulescens, Alyssum bertholoniae, 
Arabidopsis halleri, and Brassica spp. can be used to minimise 
pollution by accumulating pollutants but producing minimal 
biomass (e.g., Thlaspi caerulescens, Alyssum bertholoniae, and 
Arabidopsis halleri) [52,53]. When a plant is harvested, it 
removes pollutants from the environment, and the process 
continues with incineration and disposal [48]. It is an 
environmentally friendly technology that has several advantages, 
one of which is that it does not harm or alter the terrain. This 
ensures that conservation and, consequently, the ecology, will be 
conserved.  
 

Heavy metals can be extracted from soil, sediment, and 
water using phytoextraction, the most common phytoremediation 
process. For its low cost, phytoextraction is considered to be the 
most promising technique available in terms of business viability. 
Even if it has several advantages, metals phytoextraction is 
limited by various variables, according to the authors [42,54]. 
Metal bioavailability in the rhizosphere is reduced, roots absorb 
metal at a lesser rate, and metals are retained within the roots. 
Some plant species have been shown to be able to perform 
phytoextraction activities in the presence of heavy metals in a 
number of investigations. According to [26], phytoextraction 
capability of the perennial herb Arundo donax against a Cd-
contaminated soil was 2.92–4.02 mg/kg Cd in leaves and 
rhizomes, respectively, in leaves and rhizomes. Experiments on 
Arundo donax and Trichoderma harzianum showed that 
phytoextraction of Cd was increased in the leaves (20 per cent) 
and rhizomes (50 per cent) of the plant. 
 
Phytostabilization 
Pollutants are immobilised in the root system as a result of 
absorption by the roots or rhizosphere precipitation. As a result 
of this method, pollutant mobility is reduced, which prevents 
contaminants from migrating into groundwater and limits their 
bioavailability in the food supply chain. Authors who have 
written about this topic include [55,56]. Metal-resistant plants are 
utilised to repopulate areas that have been contaminated by 
metals. There is a lot of evidence that phytostabilization can help 
with heavy metal treatment, such as lead, arsenic, cadmium, 
copper, and zinc. All of these advantages are the result of changes 
in soil chemistry caused by plant presence. Metal precipitation 
on plant roots can either increase or inhibit metal absorption 
[57,58]. No soil remediation method will be effective in 
eliminating toxins unless the plant is removed. This approach 
was used to revegetate highly acidic mine soils in southern China, 
with the pH of the soil improving from 2.6 to 3.0 following two 
years of phytostabilization. According to the study's findings, 
aided phytostabilization could be a useful technique for 
reclaiming mine soils in the future. 
 
Phytovolatilization 
The xylem of a plant transfers contaminants from the root to the 
aerial sections, where they are less harmful to the surrounding 
environment. Pollutants are not removed, as demonstrated by 
[59], but rather transported from one compartment to another. [6] 
demonstrated that contaminants are not removed but rather 
transported from one compartment to another, as demonstrated 
by [42,60]. These compounds in the plant's air compartment are 
likely to diffuse to the leaves and shoots via other areas of the 
plant. The application of this technique can lessen the toxicity of 
a pollutant, but the most significant disadvantage is the 
possibility that a modified material, which is still potentially 
dangerous, will be discharged into the atmosphere and then re-
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enter the ecosystem.  Chemical contaminants in soil, sediment, 
or water can be treated by phytovolatilization. Organic pollutants 
such as tetrachloroethane, trichloromethane, and 
tetrachloromethane can be treated via phytovolatilization. 
According to [26,37], metals with significant volatility, such as 
mercury and selenium, are the exceptions to this norm.  
 

In the long run, the mercury ion can be converted into a less 
hazardous form and released back into the environment. Because 
mercury can collect on lakes and oceans and generate 
methylmercury as a result of anaerobic bacteria's activities, there 
is a major risk of further mercury emissions into the environment 
as a result of this method [37,42]. The amount of mercury emitted 
from leaf tissue is significantly influenced by the amount of light 
and air temperature available [38]. There were five different 
species of plants studied in this study, each of which was grown 
in soil contaminated with mercury at concentrations ranging from 
450 mg to 1605 mg. The plants studied were Lepidium latiflorum, 
Caulanthus sp., Artemisia douglasiana, Fragaria vesca, and 
Eucalyptus globulus. The mercury emissions from all plant 
species were orders of magnitude lower at night than they were 
during the day, with the exception of Caullanthus sp., which had 
much higher mercury emissions during the day [37]. 
 
Rhizofiltration 
Rhizofiltration is a technique that utilises adsorption and 
precipitation on the roots to remove organic and inorganic 
pollutants from groundwater, surface water, and wastewater [61]. 
Terrain and aquatic plants can be used in situ and ex-situ, but 
terrestrial plants are preferred since they have a more established 
root and fibre system, providing a larger surface area for 
absorption. In addition to being metal-resistant, the plants used 
must have a large absorption surface and the ability to withstand 
hypoxia (e.g. Salix spp, Populus spp, Brassica spp). As a result, 
this method has drawbacks, such as the need to modify pH, the 
requirement of first growing in a greenhouse, and the necessity 
for multiple harvests, as well as the eventual disposal of plants 
(49).  
 

It is demonstrated in a system (which maintains heavy 
metals at the root level and harvests the root once it has been 
saturated with these elements) can be used to remove heavy 
metals from plants [62]. This technology can also be used to 
eliminate radioactive contaminants from the environment. The 
use of sunflowers to remove radioactive pollutants (caesium and 
strontium) from the Chernobyl nuclear power plant in Ukraine 
has proven to be effective. According to the findings, sunflowers 
are capable of accumulating both Cs and Sr, with the former 
remaining in the roots and the latter migrating into the plant's 
shoots and blooms [63]. Rhizofiltration has been demonstrated to 
clean up uranium-contaminated groundwater using sunflower 
(Helianthus annuus) and bean (Phaseolus vulgaris) as the 
principal plants [61]. In this experiment, three authentic 
groundwater samples were compared to a solution that had been 
intentionally contaminated. The sunflower was successful in 
removing more than 80% of the uranium present in the artificial 
solution and groundwater, with the remaining uranium content in 
the treated water being less than 30% of the original 
concentration (US EPA drinking water limit). Uranium removal 
efficiency ranged from 60 per cent to 80 per cent in the case of 
the bean, depending on the strain. Using the two plant cultivars 
under investigation, the greatest amount of uranium removed via 
rhizofiltration was 90 per cent, with a large proportion of the 
uranium accumulating at the plant's root level. 
 
 
 

Plants used in phytoremediation 
The elements N, P, K, Ca, and Mg are all essential nutrients that 
can be absorbed from the soil via the plant's root system, as can 
a number of additional nutrients (N Fe Zn Cu B Mo) and 
micronutrients. Transport proteins connected to the cell 
membrane can function passively, as they do during 
transpiration, or actively, as they do in the case of the former type 
of transport protein. The apoplast and the symplast are both 
responsible for transporting these components into the plant. To 
carry dissolved nutrients from the roots to the rest of the plant, 
the xylem vascular system must be in operation. Plants take up 
non-essential inorganic chemicals, such as heavy metals, that are 
considered to be pollutants, in addition to the nutrients that they 
require to survive. Cu, Zn, and Mn, which are generally 
considered nutrients by humans, are retained or stabilised by 
plants through a variety of mechanisms. If present in excessive 
concentrations, these elements can become harmful to humans. 
Beyond the fact that they may store or digest toxins, plants can 
also be used in the restoration of polluted soils because of their 
ability to limit the amount of garbage that must be disposed of in 
landfills, which is beneficial for the environment. Toxins can be 
absorbed by plants through their roots and stored in the vacuoles 
of their leaves until the leaves fall to the ground or are removed, 
at which point the toxins are released into the surrounding 
environment. 
 

The ability of a plant to absorb relevant toxins is a 
significant element to consider when selecting the optimal plant 
for phytoremediation applications. Metalophytes, in contrast to 
non-hyperaccumulator species, can survive heavy metal 
concentrations up to 100 times greater than non-
hyperaccumulator species [12,59]. Metalophytes are plants that 
can withstand heavy metal concentrations that are up to 100 times 
greater than non-hyperaccumulating species. It is possible to 
distinguish between obligatory and non-obligatory metallophytes 
based on the presence of specific metals in the environment. 
Other organisms, such as Brassica juncea, Helianthus annuus, 
Festuca arundina, and Populus spp., have developed systems 
that allow them to endure harmful metal concentrations. These 
processes have been created to allow them to tolerate 
dangerously high metal concentrations. Some plants, such as 
those in the Brassicaceae family, are known to be 
hyperaccumulators [64]. The phytochelatins of Thlaspi 
caerulescens can chelate metal ions, allowing them to be stored 
in vacuoles and lowering their concentration within the cell. The 
research on Thlaspi caerulescens (a hyperaccumulator) and 
Thlaspi arvense (a non-hyperaccumulator) were used in the 
experiments to determine zinc absorption and transport [12]. 
 
The financial return on investment 
According to the Environmental Protection Agency, the industry 
of phytoremediation has not yet developed to the same level in 
Europe as it has in the United States, where revenues exceeded 
$300 million in 2007 according to the Environmental Protection 
Agency. [21] Campos and colleagues (2008) developed one of 
the new methods, phytoremediation, which was subjected to a 
field study by the United States Environmental Protection 
Agency (US EPA) in 2001. The findings of this review clearly 
indicate that phytoremediation is a fiscally viable alternative 
[65]. Over the last several years, conventional environmental 
remediation methods have fallen out of popularity in Europe, 
with plant-based alternatives gaining ground as they are found to 
be both more ecologically friendly and cost-effective than their 
predecessors. Early studies from 1999 and 2000 demonstrated 
that phytoremediation is extremely cost-effective when 
compared to conventional innovations (Table 1), such as 
electrochemical separation, harvesting and landfill disposal of 
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contaminated soil, vitrification of contaminated soil at high 
temperatures, soil washing with water and solubilizing agents,  
and solidification through the use of stabilising agents.  
 

The removal of toxins from the environment can be 
accomplished through the use of plants and other natural 
resources, making phytoremediation less expensive than 
traditional remediation approaches. Plant roots have the ability to 
stabilise soil and avoid contamination from runoff and wind-
blown dust, which are both important aspects of soil 
management. Phytoremediation can be employed both in situ and 
ex-situ, depending on the situation. These approaches are more 
expensive than in situ phytoremediation because they require 
excavation of the ground, off-site storage of contaminated soil, 
waterlogged soil, and in situ coating for neutralisation of the 
contaminated soil [66]. In order to use in-situ techniques, it is 
vital to develop standards that are both simple to apply and 
minimal in maintenance costs (Table 1). In situ procedures can 
be considered a reliable and solar-powered technique for the 
treatment of relatively contaminated soil over large areas if the 
plants are carefully chosen and agronomic methods are in place 
to ensure those trace elements are transferred correctly to plants 
from the soil [28]. 
 
Table 1. Cost of phytoremediation when compared to others (adapted 
from [67]). 
 
Methods Cost 

(USD$/ton) 
Supplementary Effort/Expenditure 

Land treatment 100-500 Transport/Excavation/Monitoring 
Chemical approach 100-500 Recycling of contaminants 
Vitrification 75-450 Long-term monitoring 
Electrokinetic 20-200 Monitoring 
Phytoremediation 5-40 Monitoring 
 
Conclusions and future perspectives 
 
Metal and organic damaged soils can be rectified utilising 
phytoremediation technologies, which have been discussed in 
detail here. Phytoremediation was considered a new and novel 
method when it was initially offered 15–20 years ago. Despite 
the fact that European researchers have lately crossed the 
information gap that existed between them and their American 
counterparts, there is still significant variance in how 
phytoremediation is done in the United States and Europe [68]. 
Companies in nations such as the United States and Canada are 
attempting to use phytoremediation techniques to tackle 
environmental pollution [42].  
 

Conventional methods are more effective than 
phytoremediation at removing pollutants, and their application 
times are shorter. Conventional techniques, on the other hand, are 
more expensive and alter the qualities of the soil and 
groundwater. Phytoremediation might be a desirable option since 
it is a clean and cost-effective alternative to traditional 
physicochemical procedures (excavation and landfilling; 
washing; vitrification; electrochemical separation). While 
phytoremediation requires less expert involvement and can be 
used for extended periods of time, it also requires less waste to 
be disposed of in landfills and does not release potentially 
hazardous substances into the environment [42]. Many studies 
have demonstrated the environmental damage caused by landfills 
and other petrochemical complexes. Polluted soils must be 
rehabilitated due to a scarcity of available land and the 
compelling need to utilise newly created areas in both developed 
and developing countries. It would be a good idea to intervene in 
areas of Italy that have been extensively contaminated and need 
to be cleaned up in order to be converted into productive areas. 
The use of plants in bioremediation can provide numerous 

benefits, including cogeneration of energy and the production of 
biofuels following the removal of pollutants; metals recovered 
from plant incineration can be used as raw materials in industrial 
operations. Using genetically modified plants can provide 
additional benefits, but their use and risks should be carefully 
considered on a case-by-case basis rather than being generalised 
[59].  
 
CONCLUSION 
 
Phytoremediation is a bioremediation technique that uses plants 
to reduce the toxicity of heavy metals either by uptake and the 
subsequent immobilization in various plants organs or the use of 
symbiotic microorganisms at the roots to biotransformed the 
heavy metals into a less soluble or less toxic form. In terms of 
both economic and environmental benefits, there is much 
question that phytoremediation techniques can be a viable 
alternative to physicochemical treatments. A better 
understanding of the possibilities and limitations of 
phytoremediation will almost certainly lead to an increase in its 
application for soil remediation in the near future. 
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